To determine factors associated with a serious outcome (hospital admission or severe outcome: critical care or death) and associated with illness caused by laboratoryconfirmed influenza, with a specific interest in low-and middle-income countries (LMIC).
(LMIC) lack the capacity for extensive influenza surveillance and some do not have national policies for seasonal vaccination. 2 In high-income countries (HIC), it is generally recommended that vaccination against influenza occurs for children aged 6-59 months; older adults; people with chronic pulmonary, cardiovascular, renal, hepatic, neurologic, hematologic or metabolic disorders; persons who are immunosuppressed; women who are, or will be, pregnant during the influenza season; children who are at increased risk of Reye's syndrome; residents of nursing homes and other long-term care facilities; and persons who are morbidly obese (body mass index [BMI] of ≥40).
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These terms provided the starting point for the factors investigated in this review; others were included if they were identified by several different researchers as being related to serious outcomes in people with influenza illness.
The World Health Organization (WHO) commissioned this systematic review of the literature to determine the factors associated with serious outcomes following an illness caused by seasonal influenza, with a focus on LMIC. We conducted a meta-analysis to compare and contrast outcomes by risk factor for HIC and LMIC for laboratoryconfirmed influenza.
| METHODS
The published literature was searched from the database's incep- were assessed and data were abstracted by individuals with the same mother tongue, while other non-English articles were translated using translation software. 10 An assessment of risk of bias was completed, at the study level, by each reviewer using the Newcastle-Ottawa Scale for cohort, case-control or cross-sectional studies. 11, 12 Studies that scored two points or less on any of the risk of bias scales were excluded. Publications restricted to the description of age and/or sex only and those without comparison groups were not included. Studies limited to a comparison of high-risk populations to one another (ie, ICU patients or patients with cancer, diabetes or pneumonia) and health care-associated cases were excluded as they do not represent the general population. If more than one publication was identified as using the same patients, only the more inclusive (eg, additional seasons) or more relevant (ie, for this review) was included. All discrepancies were settled through discussion and re-review of the study. The flow diagram follows PRISMA guidelines. 13 Outcomes include the following: (i) all-cause mortality; (ii) admission to an intensive care unit (ICU) with/without mechanical ventilation; (iii) a "critical" outcome (ie, ICU admission and/or death); and Pooled relative risks were estimated using random-effects models to account for various study designs, testing methods and populations.
The DerSimonian and Laird method of statistical estimation of effect size and the Mantel-Haenszel estimate of heterogeneity were used to account for low event rates and/or study sizes using Stata v14.2 with zero cells in pooled relative risk (pRR) estimates only (not odds ratios) being given a value of 0.1. 14 The degree of statistical heterogeneity was assessed using the I 2 index. Readers are advised that meta-analytic estimates produced when the number of studies is small should be interpreted with caution.
| RESULTS
Of the 27 795 articles identified, 345 were eligible for review. Ninetysix were excluded because they included only high-risk patients and 
| Hospital admission
In HIC, higher rates of hospital admission were reported for children People with HIV/AIDS were often categorized together with people with other immunosuppressive conditions. For those studies from 17 There were also few studies that separated people with tuberculosis (TB) from other diseases;
among those that did, data were not provided for latent infection versus active TB disease and, in fact, no studies provided data specific to the risk of hospital admission for people with TB.
In the review of studies that provided estimates adjusted for the presence of other factors known to impact the risk of hospital admission for people ill with influenza, we found similarly heterogeneous
estimates. There were no adjusted estimates that were significantly and consistently (across studies) outside the confidence bounds of the estimated pRR from this meta-analysis.
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| Severe outcome (intensive care and/or death)
The risk of having a severe outcome (ICU admission and/or death) was lower for young children (<5 years) than for older children (5- Figure   S4 ); no difference was detected for adults by country income level.
Children with metabolic conditions were also at higher risk of severe outcomes (pRR 2.03; 1.41-2.92; I 2 = 0; n = 5) than adults (pRR 1.17;
1.02-1.34; I 2 = 0; n = 3), with no difference in estimates for LMIC and HIC.
Conversely, adults with diabetes mellitus were at higher risk of a severe outcome than adults without (pRR 1.23; 1.05-1.43; I 2 = 34.8%; n = 24), while there was no difference among children (pRR 1.28; 0.44-3.74; I 2 = 0; n = 2). Obese adults were also at higher risk of severe outcomes than healthy weight adults (pRR 1.40; 1.01-1.95; I 2 = 89.3%; n = 24); there was no increased risk for obese children (pRR 0.91; 0.47-1.74; I 2 = 53.2%; n = 8). Similarly, adults with hematologic conditions were at higher risk of severe outcomes than adults without (pRR 2.15; 1.62-2.85; I 2 = 0; n = 3), while the risk was not higher for children (pRR 0.60; 0.17-2.13; I 2 = 88.3%; n = 9). And, although adults with liver disease were at higher risk of severe outcomes than those without (2.01; 1.45-2.79; I 2 = 52.1%; n = 11), there was no difference in children (pRR 0.47; 0.13-1.71; I 2 = 0; n = 2). No differences were detected by country income level or during pandemic/non-pandemic influenza seasons.
In the review of studies that provided estimates adjusted for the presence of other factors known to impact the risk of severe outcomes for people ill with influenza, we found that the risk estimate was heterogeneous and not consistently greater or less than the pRR estimated with this meta-analysis. Finally, children in LMIC with neurological conditions had 5 times the risk of a severe outcome, while those living in a HIC had 3 times the risk compared to children without neurological conditions. These findings likely reflect differences in health-seeking behaviour and access to health care.
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This meta-analysis confirms the association between influenza illness and increased risk of both hospital admission and severe outcomes for known influenza risk factors. Although there were few differences in the risk of hospital admission by patient age, the risk of a severe outcome was higher for adults than children with diabetes mellitus, obesity (BMI ≥30 kg/m 2 ) or liver conditions when compared to those without. This is not unexpected given that the mortality rates associated with diabetes and liver disease as well as with conditions linked to obesity, such as heart disease, increase significantly by age. 58, 59 Conversely, children with neurological or metabolic conditions had a higher risk of severe outcome than adults with these conditions, when compared to children or adults, respectively, without them. The broad, and generally unreported, range of neurological and metabolic conditions included in each publication's definition of the factor makes interpretation of these findings fraught. In this review, we did not include diabetes within the metabolic conditions category unless the author did so, which was infrequent. As many nondiabetes-related metabolic conditions cause significant morbidity and mortality during childhood, it may increase the risk of severe outcomes for children versus adults. It is possible that the same issue is occurring with neurological conditions, another broad category. Finally, although people ill with influenza and the underlying condition of asthma were more likely to be hospitalized than people without asthma, they were not at increased risk of a severe outcome. This was not found for other chronic respiratory conditions, which included chronic obstructive lung disease, for which there was a higher risk of hospital admission and a higher risk of severe outcomes. This is explained by the fact that although asthma is a common underlying condition that is exacerbated by respiratory illnesses, it is not a common cause of death. In the USA, for example, the mortality rate for chronic respiratory diseases was 47.2 per 100 000 in 2013, of which asthma contributed just over 2% of cases (1.1 per 100 000).
| Limitations
The primary limitation of this review is the high heterogeneity scores for results of many of these estimates. Although the heterogeneity is not unexpected given the observational nature of the studies, it does limit the ability to accurately estimate the size of the effects.
Several factors impact the heterogeneity including myriad definitions employed for each risk factor, the comparison groups used, different influenza type/subtypes and the age of people included in each study.
Heterogeneity may also have been introduced through social and cultural factors, particularly those affecting health care-seeking be- Although most studies compared the ages of people hospitalized or suffering severe outcomes when ill with influenza, the myriad groupings significantly impeded the direct comparison of results by age group. We also chose not to abstract data from studies with age or sex as the only reported risk factor. Another limitation was the inability to separate the risk for adults and children in many studies as the authors did not stratify their analyses by age. Similarly, although some studies have noted differences in severe outcomes by influenza type and/or subtype, 60 we were unable to assess the impact of such differences. Finally, the range of definitions for "severe" outcomes was also a limiting factor. For the meta-analysis, we chose to include only admission to ICU and/or death. Many authors included pneumonia in their definition of a severe outcome but, due to the broad range of severity of illness and range of criteria used to diagnose pneumonia, we chose not to include it.
| IMPLICATION FOR POLICIES
The paucity of reported data from LMIC makes assessing priority risk groups for vaccination and treatment difficult. 
